Ganoderma is a well-known genus of medicinal mushrooms that belongs to the order Polyporales. Many members of this genus are extensively used in traditional Asian medicines. Herein we report a new strain of Ganoderma australe collected in Thailand and identified using macro-and micro-morphological characteristics as well as phylogenetic analysis. The optimal conditions for mycelia growth were 25-30 ºC at pH 7-8, while sorghum and barley were found to be the best grain media for spawn production. The best medium for mycelia growth was Potato Dextrose Agar (PDA) medium. Para rubber sawdust with organic and inorganic additives is used as a standard cultivation substrate in Thailand. The mycelia were fully distributed throughout the sawdust substrate after being incubated at 30 ºC, 60-75% relative humidity for 18 days. The first primordia were observed three days after the bags were opened. Three fruiting cycles were obtained, although the weight of mushrooms produced decreased each time (115.04 ± 48.85 g kg -1 , 72.01 ± 6.00 g kg -1 and 36.47 ± 9.04 g kg -1 , respectively). Extracts of G. australe inhibited Micrococcus luteus, Bacillus subtilis, Staphylococcus aureus and Salmonella typhimurium bacteria however, the extracts were not effective against Escherichia coli and Pseudomonas aeruginosa. This is the first report of the antimicrobial activities observed in G. australe.
Pure cultures were isolated in PDA media and incubated at 30 °C until the mycelia completely covered the agar surface. The mycelia (about 50 mg) were scraped off into a 1.5 ml micro centrifuge tube. DNA was extracted from fresh mushroom mycelia using a Biospin Fungus Genomic DNA Extraction Kit (BioFlux®). The internal transcribed spacer (ITS) regions of nuclear rDNA were amplified by polymerase chain reaction (PCR) with primers ITS5 and ITS4 under the following thermal cycles; 94 °C for 5 min, for the denaturation step, followed by 35 cycles of 94 °C for 30 secs, 55 °C for 30 secs, with a final extension step of 70 °C for 10 mins. The purified PCR products were directly sequenced. ITS 5 and ITS 4 were used to sequence both strands of the DNA molecules. The sequencing of PCR products was carried out at Beijing Bai Mai Hui Kang Biological Engineering Technology Co. Ltd (Beijing, P. R. China). The nuclear ribosomal Internal Transcribed Spacer region (nrITS) of the mushroom was amplified and the sequence was deposited in GenBank under the accession number KP142173. Facesoffungi number was obtained as detailed in Jayasiri et al. (2015) .
Sequences obtained from GenBank (Table 1 ) and the sequences obtained from our samples of G. australe were used for the analyses. Sequences were aligned using Bioedit v. 7.0.9 (Hall 1999) and Clustal X (Thompson et al. 1997) . Alignments were manually adjusted to allow maximum sequence similarity. Gaps were set as missing data. A phylogenetic tree was constructed using the PUAP beta 10 software version 4.0 (Swofford 2002) . Clade results from parsimony analyses were assessed by ML bootstraps analysis with 1,000 replicates random sequence additions. The resulting trees were printed with TreeView v. 1.6.6. (Page 1996) .
. Parsimony bootstrap values above 50% are shown above the branches.
Table 1
Taxa information and GenBank accession numbers of Ganoderma specimens used in molecular phylogenetic analysis.
Fungal species Fungal strains GenBank accession number (ITS)
Ganoderma adspersum 12 AJ006685 G. adspersum 
Antimicrobial activity
For the purposes of studying the antimicrobial activities, mushroom extracts were prepared from the mycelia. Ten agar plugs of the mushroom mycelia were transferred to 250 ml of potato dextrose broth (PDB) and malt extract broth (MEB), and incubated with shaking (150 rpm) at 30 °C for 14 days. To obtain the extract, the mycelia was harvested using sterilized filter paper (Whatman No. 1). The mycelia was collected and extracted by 50ml of 0.1N of ethyl acetate (EtOAc). The extraction was performed twice. The extracts obtained were concentrated by air-drying (∼2 ml) and were stored at -20 °C until use.
The crude extracts were tested for antibacterial activity using a paper disc diffusion technique (Kirby et al. 1957) . The testing gram positive and negative bacteria used were Staphylococcus aureus TISTR1466, Escherichia coli TISTR780, Micrococcus luteus TISTR884, Bacillus subtilis TISTR008, Pseudomonas aeruginosa TISTR781, and Salmonella typhimurium TISTR292. For an assay, the testing bacteria (∼10 6 CFU/ml) were transferred to nutrient agar by swabbing. After that, 100µl of each crude extract were poured onto a sterile paper disc, and the paper discs were air-dried for 20 min before being placed on the test plates. Inhibitory activity was then determined based on the appearance of clear zones surrounding the disc papers observed under a dissecting microscope. The diameter (mm) of the clear zones was recorded. The experiment were carried out in five replicates.
Effect of media for mycelia growth
Six different solid media were used in this experiment; yeast extract agar (yeast extract 3g, peptone 5g), yeast extract peptone dextrose agar (yeast extract 10g, peptone 20g, dextrose 20g), corn meal agar (corn 17g), oatmeal agar (oat 60g), potato dextrose agar (potato 4g, dextrose 20g), and malt extract agar (malt extract 20g, peptone 6g, dextrose 20g). All media were mixed with 15g of agar and 1,000 ml distilled water. pH was adjusted to 6.5 by using 1 N HCl and 1 N NaOH (Kumla et al. 2013) . Mycelia discs were cut half a centimeter (0.5 × 0.5 cm) from the advancing margin of 14 day-old pure cultures and were placed on the centre of each medium. Petri dishes were incubated 1112 in darkness at 30 °C for 10 days. The optimal media for mycelia growth, density, and mushroom growth were measured. The experiment was carried out in five replicates.
Effect of temperature and pH for mycelia growth
The growth of G. australe mycelium was evaluated in darkness at different temperatures (20, 25, 30, and 35 °C) in order to find the optimal temperature for mycelial growth. pH was adjusted to 5, 6, 7, and 8 by adding 1 N NaOH. The culture was incubated at 30 °C for 10 days. Colony diameter was measured and calculated. The experiment were carried out in five replicates. The experiment was carried out in five replicates.
Grain media for inoculum production
Five different types of cereal grains and agricultural wastes were used to determine the best grain media for the cultivation of G. australe. We followed the method of Luangharn et al. (2014) using sorghum (Sorghum bicolor L.), corn cobs (Zea mays L.), pearl millet (Pennisetum glaucum (L.) R. Br.), barley (Hordeum vulgare L.) and sawdust. The supplemented grain media for spawn production were prepared as described by Luangharn et al. (2014) . The ingredients included 1 kg of cereal grain/sawdust, 12 g of CaSO4•2H2O, 3 g of CaCO3, and 1.5 L tap water. The supplemented cereal grain/sawdust was divided into two types (Type 1: all ingredients were mixed with gypsum and CaCO3; Type 2: ingredients only). Each cereal grain/sawdust type was washed and soaked overnight, boiled for 15 minutes, and left to cool down for 20 min. Fifty grams of each cereal grain/sawdust were filled into media bottles, autoclaved at 121 °C for 15 min Before inoculation, the cereal grain/sawdust bottles were shaken to prevent clump formation. Five plugs of active mycelial (0.5 cm-diameter) of active mycelia from a pure culture were placed into the upper side of the grain media bottles. Grain bottles were incubated in dark at 30°C for 10 days. The linear mycelium length was measured every 2 days for 10 days to estimate the growth rate. All the cereal grain experiments were carried out in five replicates.
Bag preparation and fruiting body production
Initially, sawdust of Para rubber (Hevea brasiliensis Mull-Arg.) was used as the main substrate. The growth substrate formula used is shown in Table 2 . The components were mixed well and water was gradually added until the moisture content was around 65-75 %. 900 g of sawdust substrate was deposited in thermo-stable polypropylene bags (6.50 × 12.50 inch). The bags were punched to make holes (~5 cm), and a plastic ring was used to make a bottle neck, which was plugged with cotton wool and paper, sealing the tops of the bags. The sawdust bags were sterilized in an autoclave at 15 psi at 121 °C for 30 min. After sterilization, the sawdust bags were allowed to cool for 12 hr. Control bags only contained sterilized sawdust. Green Plana, Nonthaburi 300 Note. (a) = 10cc of EM solution was diluted with 300 ml of water. (b) = 10cc of molasses solution was diluted with 300 ml of water.
Five grams of master spawn were inoculated into the sawdust bags under aseptic conditions, after which the bags were closed tightly, and incubated at room temperature (30 ± 1 °C), 60-75% relative humidity and in the dark. After the mycelia completely colonized the substrate, the bags were moved to a shelf and opened. To maintain relative humidity, the bags were sprayed with water daily until the fruiting bodies had fully developed. Growth parameters such as timing of mycelial growth, primordial initiation, fruiting development and fructification period were recorded regularly. All the analyses were carried out in five replicates.
Harvesting and yield data
The mature (when the spore dust appears) mushroom fruiting bodies were manually harvested, counted and weighed daily. The number of primordia and fruiting bodies per bag were recorded. At the end of the batch (no more primodia are seen), yield data was determined (Royse 2010 , LlarenaHernández et al. 2011 , Mamiro & Mamiro 2011 .
Data collection and statistical analysis
Data analysis was carried out using statistical programs (SPSS) with five replicates. Data were collected for mycelial growth rate, optimal conditions, spawn production, primordia production, and duration from mature fruiting bodies to harvest and biological yield. All data were compared to obtain a mean separation using Tukey's test (p<0.05) followed by post-hoc tests and expressed in a one-way ANOVA analysis using SPSS program (Softonic International SA, Barcelona, Spain).
Results and Discussion
Mushroom morphology and isolation Ganoderma australe (Fr.) Pat., Bull. Soc. mycol. Fr. 5(2, 3): 65 (1889) Figs 1-3
Facesoffungi number: FoF02906
Macro-morphological description
Basidiocarp; 1-15 cm wide, 2-7cm long, 0.5-3 cm thick near the base. Pileus circular and smooth when present, applanate, spathulate and some flabelliform and clusters when young, dimidiate and semicircular of mature (Fig. 1a) . Pileus surface; glabrous, glossy, convex, laccate, furrow and consistency hard when fresh, tough and light in weight when dry. Distinct concentric zones, light brown (6D4) to brown (6E8) at the centre, and slightly pale orange (5A3) to white (5A1) at the margin when young, become reddish brown (8E6) to dark brown (9F8) at the centre, dull red (8C4), pale red (7A3) to white (8A1) at margin when age as the upper and brown to dark brown when dried, separated by a layer of context. Brown to grey in winter or may fade as the weathering has destroyed the pigments in the pileus surface. Margin; soft, round, pale yellow (4A3) to grayish brown (5D3) and reddish grey (8B2), change to greyish orange (6E3) when touched. Up to 0.5-3 cm thick, thin lighter than the base, thickened towards the margin and downwards to the poreless marginal part of hymenophore. Stipe; 1.5-3.5 cm wide, 3-5 cm long, 1.3-3.3 cm thick, applanate with umbo and slightly extend at the base. Pore; angular, 4-6 per cm in fresh, tube layer 0.2-1.2 cm long, 50-180 µm wall thick when dried. Pore surface; white (2A1) to pale yellow (2A3) in growing specimen and immediately discolored when bruised, cream to grayish brown (5D3) when fresh (Fig. 1b) , brownish grey (5C2) to brown when dried. Pure cultures turned white after incubation at 30°C for 10 days (Fig.  1c) . Odor; distinctive odor when dried. Substrate; on dead standing tree.
Micro-morphological description
Microscopic structures of G. australe strain MFLUCC 12-0527 are shown in Fig. 2 . Hyphal system; tri-dimitic hyphae; contextual generative hyphae, binding and skeletal hyphae (Fig. 2d) , with clamps connections (Fig. 2e ), 1-6 µm wide, hyaline, thin wall; skeletal hyphae hyaline to pale brown to brown, thicker wall 2-7 µm wide. Basidiospores; mostly broadly ellipsoid at maturity, some distinctly tapering at the distal end, truncate, double wall, thick-walled inner endosporium; 4-11 × 3-7 µm (Fig. 2a-c) , reddish brown. Basidia; not observed. 
Phylogenetic analysis
Partial sequences of the internal transcribed spacer (ITS) were used to resolve the phylogenetic placement of G. australe (Fig. 3) . The alignment dataset comprised of 42 taxa, which include 27 species with 2 outgroup taxa (Trametes versicolor KUC8714 and Pycnoporus cinnabarinus FJ234205). The maximum parsimony dataset consists of 723 characters, of which 387 were constant, 121 variable characters were parsimony-informative and 215 characters were parsimony-uninformative. The phylogenetic analysis showed that our Ganoderma strain MFLUCC 12-0527 grouped in the G. australe clade with high support (91% bootstrap support). Our results strongly corresponded to the geographic origin of the isolates reported from Thailand (Moncalvo & Buchanan 2008 ), but G. australe has not been reported from Thailand with morphological characteristics and phylogenetic data. Bootstrap support values for maximum parsimony equal or higher than 50 % are defined above the nodes. Data were analyzed with random addition sequence and unweighted parsimony, and gaps were treated as missing data. The tree is rooted with Trametes versicolor KUC8714 and Pycnoporus cinnabarinus FJ234205.
Antimicrobial activity
The antibacterial effects of the extract of G. australe strain MFLUCC 12-0527 were tested against six bacterial pathogens (three Gram-positive and three Gram-negative). As summarized in Table 3 , the extracts were able to inhibit the growth of four of the bacteria tested. The mycelial extracts obtained from mycelia of G. australe strain MFLUCC 12-0527 grown on both PDB and MEB media had a strong inhibition spectrum against M. luteus, B. subtilis S. aureus and S. typhimurium, while neither were effective against E. coli or P. aeruginosa. Suay et al. (2000) found a higher proportion of antibacterial activities in representatives of the family Ganodermatales than several orders encompassing basidiomycete. Smania et al. (2007) also reported that of G. australe strongly inhibited the growth of Gram-positive bacteria, and those methyl esters were active against Gram-negative bacteria. However, inhibitory activity seems to depend on i) the isolate, ii) culture media (and culture conditions), and iii) the type of microorganism. 
Effect of media on mycelia growth
The effects of the six-different media on the mycelial growth of G. australe strain MFLUCC 12-0527 is shown in Table 4 . After 10 days of incubation, the mushroom mycelia were able to grow well on PDA medium (8.80 mm/day), density (5+); followed by YEA (8.40 mm/day), density (4+); MEA and OMA (7.50 mm/day), density (3+); YEPD and CMA (6.40 mm/day), density (3+). These results agree with the Jo et al. (2009) study of G. applanatum, where mycelia growth was shown to be optimal on PDA medium. 
Effect of temperature on mycelia growth
Our results showed that mushroom mycelia were able to grow at all temperatures within a range of 20-35 °C. The best temperature for mycelia growth of G. australe was shown to be 30°C, with a growth rate of 8.83 ± 0.12 mm/day (Table 5 ). Other studies have also shown 30 °C to be the best temperature for the mycelia growth of G. applanatum (2009), Laetiporus sulphureus (Bull.: Fr.) Murrill (2014), and Pleurotus giganteus (Berk.) Karunarathna & Hyde (Kumla et al. 2013 ). 
Effect of pH on mycelia growth
The effects of pH on the mycelia growth of G. australe strain MFLUCC 12-0527 are shown in Table 6 . The fastest and densest mycelial growth was observed in alkaline media of pH 7-8. Several studies have reported the optimal pH range for mycelia growth of various Ganoderma species to be pH 5-9 (Jo et al. 2009 , Jayasinghe et al. 2008 , Cho et al. 1993 , Jeong et al. 2009 ). 
Effect of different grain substrates on inoculum (spawn) production
The mycelial growth rates of G. australe strain MFLUCC 12-0527 grown on five different grain substrates are shown in Table 7 . For type 1 (all ingredients are mixed with gypsum and CaCO3), the fastest growth in terms of mycelia extension was obtained on sorghum and barley (5.00 mm/day), followed by corn cobs (4.87 mm/day), pearl millet (4.73 mm/day) and sawdust (4.40 mm/day). For type 2 (ingredients only), the highest rate of mycelia growth was observed on sorghum (6.61 mm/day), followed by barley (5.65 mm/day), corn cobs (5.38 mm/day), pearl millet (5.08 mm/day) and sawdust (5 mm/day). Although our results show that G. australe strain MFLUCC 12-0527 can be successfully grown on a range of substrates, the best growth results were recorded for sorghum or a mix of sorghum and barley. These findings are in agreement with the results of Kumla et al. (2013) who showed that sorghum grain was the best substrate for spawn production of wild mushrooms cultivated in Thailand. 
Fructification
Three fruiting cycles were obtained in all the five substrate bags during 6 months. In the first cycle, we observed that the mycelia fully covered and grew throughout the bag from the top to the bottom, after 16-18 days of incubation. The first set of primordia formed three days after the substrate bags were opened (Fig. 4a-b) . After 14 days, young fruiting bodies had developed and pore characteristics were observed under the surface of the fruiting bodies ( Fig. 4c-d) . After 50-55 days, mature fruiting bodies had developed in the substrate bags (Fig. 4e-f ). After fruiting bodies were harvested, in order to induce mycelial growth and another fruiting cycle, the bags of substrate were ventilated daily for 3 days without being sprayed with water. Previous studies reported that Ganoderma grows best in substrate with a moisture content of 70% (Peksen & Yakupoglu 2009 ). The mushroom yield of the first cycle, at 115.04 g, was higher than the second and third cycles, which produced yields of 72.01 g and 36.47 g kg -1 respectively (Table 8) . Normally, a harvest period of Ganoderma species is 90 days (Peksen & Yakupoglu 2009) , while the higher numbers of primordia (12-13 primordia) and fruiting bodies were produced during a short period of time in the first (55 days) and second cycles (68 days), whereas only five primordia were produced in the third cycle. Mycelia were observed only on the substrate at the top of the bags. No primordia were produced when 100% sawdust substrate was used as the control. An initial stage of primordia formation is the most critical step (Stamets 2000) . This mushroom strain, moisture content should be between 60-75%, below 40% results in slow mycelial growth. Our mushroom production (three cycles) results are in accordance with the results of Erkel (2009) while the production observed in our study is lower than that of G. lucidum (Zmitrovich et al. 2006) and G. neojaponicum (Zhou & Zhang 2015) . *Yield data = total weight of mushrooms per kilogram of substrate.
Discussion
This study reports a new record of Ganoderma australe strain MFLUCC 12-0527 from Thailand. The results of our study show the capability of extracts G. australe produce significant bioactive compounds. It might obviously a reliable source of a variety of biological actions on secondary metabolites such antimicrobial compounds to compete other organisms by exhibited a broad spectrum of activity against Gram-positive and Gram-negative bacteria responsible for the most common bacterial diseases. In addition, we showed that G. australe grew best on PDA media, at a temperature of 25-30 ºC and at a pH of 7-8. Although sorghum grain were the best grain substrate for G. australe spawn production, this fungus can be successfully be grown on a range of spawn substrates including cereal grains (sorghum, barley, corn cobs, pearl mille) and para rubber sawdust, which are cheap and readily available to small scale farmers in Thailand. Further studies will be carried out to optimize the growing substrate in order to increase the yield of this Thai G. australe. The results of this study will be helpful for the small-scale mushroom farmers in northern Thai villages as well as Laos, Cambodia and Myanmar, where similar climatic conditions persist for an additional income by cultivating this medicinal G. australe.
